We analyze performance of a coherentlydetected multi-user direct sequence spread spectrum frequency shift keying system. We derive bit error probability expressions for both synchronous and asynchronous systems, on additive white Gaussian noise and Rayleigh fading channels. For the synchronous system, we analyze different orthogonal system variations.
Introduction
It has been shown in the literature that coherent optical communication systems have many advantages over direct detection optical systems. For example, receiver sensitivity improves by 10-20 dB, and frequency division multiplexing with a larger number of channels is possible [1] . Coherent frequency shift keying (FSK) is feasible in fiber optical communication systems because of the very large bandwidth available [2] .
Non-coherent detection of spread spectrum (SS) FSK modulated signals has been studied in some depth. In [3] , the authors consider a noncoherently detected SS multiple access (MA) system where the direct sequence (DS) spread signals are orthogonal over the symbol duration and not over the chip duration. Therefore, the frequency band of a spread FSK tone may fully or partially overlap other spread signals. These authors estimate the MA interference variance, and analyze multi-user performance. They show that for a given system bandwidth, bit error ratio (BER) can be minimized by controlling the amount of spectral overlap. Ryu, et. al., [4] extended analysis by considering multi-tone januming as an additional impairment. Geraniotis [5] analyzed performance of non-coherent DS spread MA systems. Coherent demodulation was not considered because of its more complex implementation. Since coherent FSK has many applications, in particular in optical communication systems [6] , [7] , and it has not been widely studied, here we analyze performance of a coherently detected SS-BFSK modulated system.
System Model
We consider a multi-user (MU) system with additive white Gaussian noise (AWGN), and MU interference (MUI) as impairments. Later we also address channel fading. We consider different cases when all users have the same spreading codes and when all have different spreading codes. The spreading codes employed are pseudorandom codes, except for one synchronous case. Figure 1 shows the transmitter diagram.
The transmitted signal for the kth user is given as follows: Sk (t) = 2pk (t)vk (t) (1) where P(k) is user k's transmitted power, 
Numerical Results
Fig. 6 plots simulated and analytical BER vs. SNR for a K=3 synchronous DS-SS-BFSK system in AWGN for all the cases, and agreement is excellent. We are plotting for system orthogonality while detecting w.r.t to a particular user. In such cases, the multi-user Pb when the frequency tones are orthogonal to each other has to match with that of single user probability. 
Summary
We analyzed performance of a coherentlydetected multi-user DS-SS-FSK system. Error probability expressions for both synchronous and asynchronous systems, on AWGN and Rayleigh fading channels were derived and numerical results confirmed these analytical results. System spectral characteristics were also addressed.
